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1. Introduction

The optimized TDD frame structure has been agreed at RAN1 #51 meeting, as in Figure 1:
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Figure 1 optimized single TDD frame structure

In this contribution, we consider the downlink and uplink HARQ process number for the different DL/UL subframe allocations.

2. HARQ process number

For TDD HARQ design, the following items should be considered:

· UL/DL asymmetry

· Radio transmission latency
· UE decoding/processing ability
· Uplink ACK/NACK overhead and performance
· NodeB scheduling/processing ability
To determine the maximum number of HARQ processes, the following assumptions were used:

· There shall be always control signaling and data in DwPTS.
· UpPTS can carry sounding signals and short RACH but no data or control information.
· The maximum number of HARQ processes for TDD depends on:
·  DL/UL allocation which is shown as follows:
· 5 ms periodicity: 1DL:3UL, 2DL:2UL, 3DL:1UL
· 10 ms periodicity: 6DL:3UL, 7DL:2UL, 8DL:1UL, 3DL:5UL
· Processing times
It makes sense to point out the maximum HARQ process number is calculated with the minimum RTT on different DL/UL allocation. 

2.1 Number of processes for DL

For DL HARQ operation, the following assumptions are made

· The UE shall up on detection of a PDSCH transmission in DL subframe n intended for the UE transmit the ACK/NACK response in UL subframe n+k, with k>3. This allows for at least 3ms – RTT processing time in the UE.
· The number of DL processes is given in Table 1.
Table 1 Maximum number of DL HARQ processes
	
	DL/UL allocation
	Process number

	5ms periodicity
	1DL+DwPTS : 3UL
	4

	
	2DL+DwPTS : 2UL
	7

	
	3DL+DwPTS : 1UL
	10

	10ms periodicity
	3DL+2DwPT : 5UL
	6

	
	6DL+DwPTS : 3UL
	9

	
	7DL+DwPTS : 2UL
	12

	
	8DL+DwPTS : 1UL
	15


2.2  Number of processes for UL
For UL HARQ operation the following assumptions are made

· The UE shall respond to an UL scheduling grant on PDCCH or ACK/NACK on PHICH in DL subframe n in UL subframe n+k, with k>3. This allows for at least 3ms – RTT processing time in the UE.

· The eNodeB shall respond to an UL transmission in subframe n in DL subframe n+k, with k>3. This allows for at least 3ms eNodeB processing time.
· The number of processes for UL is given in Table 2.

Table 2 UL HARQ process numbers
	
	DL/UL allocation
	Process number

	5ms periodicity
	1DL+DwPTS: 3UL
	7

	
	2DL+DwPTS : 2UL
	4

	
	3DL+DwPTS : 1UL
	2

	10ms periodicity
	3DL+2DwPTS : 5UL
	6

	
	6DL+2DwPTS : 3UL
	3

	
	7DL+DwPTS : 2UL
	2

	
	8DL+DwPTS : 1UL
	1


3. Conclusion 

In this contribution, a proposal on the number of HARQ processes for TDD is given. The number of processes depends on the allocation of subframes to UL and DL and is given in Table 1 for the DL and in Table 2 for the UL. It is proposed to capture this in relevant parts of the specifications.
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